The structures of ubiquitin conjugates of yeast Iso-2-cytochrome c.
Ubiquitin (Ub) conjugates to Saccharomyces cerevisiae iso-2-cytochrome c were formed in vitro in a rabbit reticulocyte extract (Fraction II). In the presence of ubiquitin-aldehyde, used to inhibit ubiquitin-protein isopeptidases in Fraction II, mono-, di-, and triubiquitinated cytochrome c conjugates accumulated in a 1.2:1.0:0.2 molar ratio. CNBr digestions showed that, in all three conjugates, Ub attachment was within the first 73 amino acids of the cytochrome c. For the two most abundant conjugates, this region was further narrowed to the first 30 residues by peptide mapping with Staphylococcus aureus V8 protease. N-terminal protein sequencing identified Lys-13 as the major ubiquitination site in each conjugate. For di- and triubiquitinated iso-2-cytochrome c, this suggested that Ub2 and Ub3 multiubiquitin chains extend from Lys-13. This conclusion was supported by a variation of protein sequencing in which polypeptides recovered after Edman degradation were analyzed to determine at which cycle(s) radiolabeled Ub or Ubn was cleaved from the conjugate. Because of the sensitivity afforded by the use of 125I-Ub in this "stutter-step" sequencing method, minor ubiquitination at Lys-8 also was detected. Thus, Ub2-iso-2-cytochrome c conjugates contain mostly Ub2 at Lys-13 with a small fraction of conjugates having single Ubs on 2 residues, Lys-8 and Lys-13. Similarly, Ub3-iso-2-cytochrome c predominantly has a Ub3 chain on Lys-13, although minor species with combinations of Ub1 and Ub2 distributed on Lys-8 and Lys-13 also may be present. This specificity is discussed in the context of iso-2-cytochrome c structure.